The levels of a membrane-bound auxin binding protein (MABP) and a root-specific peroxidase (RSP) were studied in several tobacco (Nicotiana tabacum L.) cell lines including an auxin-resistant variant. Groups of cell lines were distinguished which behaved differentially with respect to MABP and RSP depending on the hormonal composition of the medium. In cell lines in which there existed a correlation between the presence or absence of MABP and that of RSP both phenotypes were expressed if kinetin (1-2 micromolar) was supplied. In contrast, neither MABP nor RSP could be detected under any hormonal conditions tested in the auxin-resistant variant which retains the ability to differentiate shoots but lacks the ability to differentiate roots. About an eightfold increase in the concentration of MABP and a dramatic increase in the activity of RSP occurred in a transformant by a mutant strain of Agrobacterium tumefaciens lacking an intact cytokinin gene when it was grown on medium containing 1 to 2 micromolar kinetin. A correlation between auxin resistance and the lack of MABP and RSP suggests that MABP might be involved in auxin-mediated root differentiation in tobacco.
High affinity, membrane-bound, auxin binding proteins have been described for tissues from both monocotyledons and dicotyledons (8, 22) . It remains to be demonstrated, however, that these auxin binding proteins have any receptor functions. In relation to the receptor function the regulatory control of these auxin binding proteins also remains to be elucidated. Maan et al. (10) reported that MABP2 was not detected when tobacco cells were grown on medium containing only 2,4-D as plant growth regulator. The apparent absence of MABP was correlated with the inability of the cells to differentiate roots. After replacement of 2,4-D with NAA and kinetin, MABP reappeared along with the ability of the cells to differentiate roots. A high external concentration of IAA required to induce root differentiation (20) is consistent with the kinetic behavior of MABP, i.e. the affinity for IAA is low (23). Accordingly, MABP was suggested to play a role in root differentiation (10) .
Questions remain to be answered as to whether the appearance of MABP is due to the replacement of 2,4-D with NAA or to the presence of kinetin and to whether MABP and root differentiation have any causal relationship. In screening enzyme markers for root differentiation we found that a high mol wt peroxidase (RSP) was specific to root tissues and tissues regenerating roots. To answer the above questions and to gain more insight into the regulatory control of MABP and RSP we studied auxin and cytokinin effects on the expression ofthese two phenotypes using several cell lines in Nicotiana tabacum including an auxinresistant variant. This variant can grow in the presence of a high concentration of auxin which is toxic to the wild-type cell lines ( 18) . The auxin resistance of this variant is not due to alteration in the mechanisms regulating intracellular auxin concentration such as uptake, export, or metabolism (17) . Moreover, this variant retains its ability to differentiate shoots but it lacks the ability to differentiate roots. In considering these facts we hypothesize that the auxin resistance and the inability to differentiate roots are correlated phenomena, possibly related to a constitutive loss of MABP in this variant.
We will show that the auxin-resistant variant has neither detectable levels ofMABP nor ofRSP under all conditions tested, whereas in the other cell lines there existed a correlation between the presence or absence of MABP and that of RSP.
MATERIALS AND METHODS
Cell Lines and Culture Conditions. A nonchlorophyllic auxinresistant variant S401, a nonchlorophyllic cell line SL, and a chlorophyllic vitamin-nonrequiring cell line SC were obtained from an original line derived from pith callus of Nicotiana tabacum L. cv Samsun and were made as single-cell clones as described (17, 18) . The other nonchlorophyllic cell line LT was obtained from leaf callus of N. tabacum cv White Burley. The stock cultures of these cell lines were maintained at 2-week intervals of subculture on MS agar-solidified medium (16) (12) with a mutant of Agrobacterium tumefaciens strain LBA4210 having a Tn904 insertion in gene 4, the cytokinin locus (5). The transformant was maintained as a cell suspension culture in hormone-free MS medium at 2-week intervals. All the cell lines were transferred to test medium (24) . Briefly, the frozen samples (about 10 g fresh weight) were ground in 60 ml of extraction buffer containing 50 mm Mes-KOH (pH 5.0), 10 mM MgCl2, and 0.5 M sucrose in a Waring blender. The homogenate was reground in a mortar-driven, glass-Teflon Potter Elvehjem homogenizer, filtered through four layers of nylon cloth, and subjected to differential centrifugation. The 1,000 to 150,000 g pellet was resuspended in 6 ml of the same buffer, recentrifuged at 1,000 g and the resulting supernatant was used in the binding assays. Protein concentrations were determined by the methods of Bradford (2) or Lowry et al. (9) .
Binding Assays. Assays for NAA-binding were made by incubating 1 ml of a mixture containing 0.5 ml of a crude membrane fraction with 2.5 or 5.0. 10 (6) . To retain the enzyme activity, 2-mercaptoethanol was omitted from the sample buffer. The gel was washed with 50 mmT ris-HCI (pH 7.5) and stained with 0.5 mg-ml-' of 3,3'-diaminobenzidine and 0.0 1% H202 in 50 mm Tris-HCI (pH 7.5). Addition of both auxin (either 2,4-D or NAA at 10 gM) and kinetin (1 ,uM), however, brought about a substantial and persistent increase in the levels of MABP in the LT and SL lines. MABP disappeared in these cell lines after transfer from medium containing both auxin and kinetin to medium containing only auxin. Thus, the apparent absence of MABP in these cell lines on medium containing only auxin is probably due to the absence of exogenous kinetin. In the LT line, addition of kinetin alone was sufficient in inducing a substantial level of MABP during the first transfer, but the cells ceased to grow during the second transfer in the absence of auxin. In the SL line, which also could not grow during the second transfer on kinetin medium, MABP
was not yet detected.
Interestingly, none of the combinations of hormones tried including IAA had any effects on the S401 line (Table I) . In contrast to the auxin-resistant variant, the chlorophyllic SC line possessed substantial levels of MABP, irrespective of the external hormone conditions applied in our experiment. Thus, this cell line possessed a high level of MABP on medium containing 2,4-D alone. We could observe a significant decrease in the level of MABP, however, ifthis cell line was grown in the dark to become nonchlorophyllic (Table II) . When the nonchlorophyllic SC line was transferred to the light again it became chlorophyllic within a few days, which correlated with a significant increase in the level of MABP. An even greater increase in the MABP level was obtained if the dark-grown SC line was transferred to medium supplemented with 2.26 uM 2,4-D plus 1 FM kinetin.
Correlation between MABP and RSP. In screening different tissues from nonflowering tobacco plants we found that a high mol wt peroxidase (RSP) which could easily be identified by SDS-PAGE was, among several other low mol wt peroxidase isozymes, specific to root tissues (Fig. IA) . To determine whether RSP is expressed during root differentiation we studied the activity of RSP during the process using tobacco cuttings grown in vitro. When the cuttings were transplanted on hormone-free medium the activity of RSP appeared in the basal stem tissues Time of culture (day! (Fig. 1 B) , suggesting that the expression of RSP is associated with root differentiation. This particular enzyme also was present in the SC and LT lines when detectable levels ofMABP were present as well (Fig. 2) . In the SC line the activity of RSP exhibited changes similar to the level of MABP when it was grown in the dark (data not shown). In contrast, RSP could not be detected under any conditions tested in the variant S401 which does not possess MABP irrespective of the external hormone conditions. A correlation between the presence of MABP and that of RSP did not hold in the SL line where RSP was absent even under conditions that substantial levels of MABP were present. In order to study the correlation between MABP and RSP and the effect of exogenous kinetin on these phenotypes under the condition that the cells can grow on endogenous auxin IAA, we used a transformant by a mutant strain of A. tumefaciens possessing auxin genes but lacking an intact cytokinin gene. Table  III shows the effects of kinetin on the cell growth and the level of MABP in the transformant 4210. Kinetin caused about an eightfold increase in the concentration of MABP concomitant with significant reductions in the cell growth as compared to the level on hormone-free medium. By contrast, the affinity constant of MABP toward NAA remained fairly constant under these conditions. The effect of kinetin on the level of MABP was concentration-dependent, the optimum being 2 jAM. Kinetin (2 AM) also caused dramatic changes in the activity of peroxidases in the transformant 4210, among which RSP steadily increased its activity throughout the incubation period (Fig. 3) . The (Fig. IA) . This conspicuous peroxidase isozyme, which is one of six root-specific peroxidases found in N. tabacum (7), appeared and significantly increased its activity long before root differentiation became visible in the basal stem tissues oftobacco cuttings grown in vitro (Fig. 1B) . Moreover, high mol wt root-specific peroxidases similar to RSP were found to exist in other plant species examined, a wild tobacco N. plumbaginifolia and a hexaploid wheat Triticum aestivum, suggesting that RSP-like peroxidases may become active during root differentiation in both dicotyledons and monocotyledons (data not shown). Based on these results, we have chosen to use RSP as an indicator for root differentiation and studied its relationship with MABP in several cell lines of N. tabacum.
Groups of cell lines were distinguished which behaved differentially with respect to MABP and RSP, depending on the hormonal composition of the medium. A strict correlation was observed in the cell line LT (Fig. 2) in which a correlation between MABP and root differentiation has already been demonstrated (10) . In this cell line, MABP and RSP were present if kinetin (1-2 ,uM) was supplied to the medium (Table I; Fig. 2 ). The correlation also occurred in the transformant 4210 in which the levels of MABP and RSP could be controlled by exogenous kinetin (Table III; Fig. 3 ). In the cell line SL, the correlation between MABP and RSP did not hold; MABP was present when no RSP activity could be detected (Table I; Fig. 2 ). This observation, however, does not necessarily violate the relationship that RSP could not be detected under any conditions which did not allow expression of MABP. In contrast, the chlorophyllic line SC possessed significant levels of MABP and RSP irrespective of the external hormone conditions if it were grown in the light (Table  II) . However, in the dark, the SC line exhibited decreases in the levels of MABP (Table II) and RSP, while the levels reincreased after an addition of 1 gM kinetin. Cytokinin has been suggested to play a critical role in greening and chloroplast development in cultured plant cells (1, 3, 21) . To clarify the reason for the constitutive presence of MABP and RSP in the SC line endogenous cytokinin level must be evaluated.
The auxin-resistant variant S40 1 did not possess either detectable levels of MABP or RSP under any conditions tested (Table  I ; Fig. 2 ). The variant still retains the ability to differentiate shoots on medium containing high concentrations of cytokinin (25-50 j,M) but it lacks the ability to differentiate roots upon root induction on medium containing high concentrations of IAA (up to 100 ,uM). The variant, however, does respond to auxin, i.e. it can grow on medium containing the same levels of auxins as those which support normal growth of the wild types (17) . Root 
